ABSTRACT
INTRODUCTION
his paper is an empirical investigation of two alternative models to analyze CEO compensation with special reference to South Africa. The logic of the study follows a route of statistical modeling, i.e. that Data Envelopment Analysis (DEA) is investigated as an alternative to the frequently used Linear Regression Analysis (LRA) to predict benchmark CEO compensation. The interest in this topic is that excessive CEO compensation is seen as pay hikes by many stakeholders. Since stock markets are sensitive to CEO information (Bernard, 2008; Setiawan, 2008) , the CEO's remuneration should send the appropriate signal to stakeholders (Theunissen, 2010) . Companies signal that their CEO is above average and therefore these excessive compensations are in a continuously increasing upwards spiral due to most company boards wanting their CEO to be in the top half of the CEO's peer group (Hayes & Schaefer, 2007) . In this regard, Banks (2009) reported that the discrepancy between pay and performance is suspicious and communities are concerned that CEO compensation is out of control. Examples regarding these concerns are that CEOs reap the benefits of an increased share price when they exercise their share options, while the increase was probably due to market factors and not so much to their own performance, and secondly, that the gap between CEO salaries and the average wage of an ordinary worker is continuously increasing (Joubert, 2011; SAPA, 2011) . Furthermore, governments are also concerned with excessive CEO remuneration (Financial Mail, 2008; Ensor, 2010 ; The Associated Press & McClatchy Newspapers, 2009) which is described as a cancer that is the core of economic ills (Hindery, 2008) .
Up until now, researchers mainly used LRA, a two-dimensional statistical model, to analyze CEO compensation. These studies investigated the relationship between CEO compensation and company determinants such as performance and size (Bradley, 2011; Dommisse, 2011; Theunissen, 2010 Krugel & Kruger, 2006) . LRA is used as a parametric method to benchmark CEO compensation by finding a straight-line equation between numeric random variables (Wegner, 2007) , e.g. where independent variables such as company size and performance are used to estimate (or set a benchmark) what the CEO compensation should be. The problem is that this benchmark is based on an "average" set by the companies that are studied in a sample (Thanassoulis, 1993) . What is needed is a model to rather set a benchmark that is based on best practice. DEA can help in this regard, since it is a linear programming method to construct a non-parametric surface over the data (Coelli et al., 2005) . Multiple inputs (e.g. different components of CEO remuneration) and multiple outputs (e.g. variety of size and performance indicators) are included to estimate the "best practice" frontier by finding a set of linear segments that envelop the observed data (Cook & Seinford, 2008) . Opposed to LRA, where many similar studies were found, only one study, by Cordeiro et al. (2006) , was detected that used DEA as a nonparametric method to benchmark CEO compensation. The central argument of this study is that DEA should be considered as a CEO compensation benchmarking model since its benchmark is based on "best practices", where LRA is only based on "averages". The main focus of this study will be to investigate DEA as an alternative model to benchmark CEO compensation. The missing knowledge in the literature is that it is uncertain how the benchmarks of LRA differ from the benchmarks of DEA.
Therefore, the purpose of the study is to empirically compare the results of CEO compensation benchmarks set by LRA and DEA. To fulfill this purpose, a literature study was firstly done to investigate LRA and DEA as benchmarking models. Secondly, an empirical investigation on South African listed companies was executed using a sample of 187 listed JSE companies. Hereupon, it is hypothesized that the benchmark mean (average) of LRA is greater than the benchmark mean (average) of DEA (input targets). Cross-sectional data of CEO compensation and company determinants were obtained from the McGregor BFA (2012) database for the 2010 financial year. The study found that, using the LRA model, CEOs are on average actually underpaid whereas the CEOs are actually overpaid according to the DEA model. The contribution thereof is that this extends the current literature by indicating how extremely different the results of the two models are.
The rest of the paper is organized as follows: The next section provides a background to the study, followed by a section that explains the theory of the two models and a section that explains the research design and methodology. This is followed by a section that reveals the findings and the study is summarized and concluded in the final section.
BACKGROUND

Relevance of the study
The relevance of this study is explained by discussing the concerns shareholders and other stakeholders have regarding excessive CEO compensation. Excessive CEO compensation has detrimental effects on businesses as well since the total cost of overpayment could in some cases significantly affect shareholder returns. Stakeholders, other than shareholders, are also affected by excessive compensation; for example, it affects employment turnover, since employees regard CEO remuneration as a beacon to determine the fairness of their own salaries. It is more likely for employees to resign if their CEO is significantly overpaid (Amble, 2006; Wade et al., 2006) . The attention that CEO compensation gets is a result of the gap between CEO salaries and the average wage of an ordinary worker which is continuously increasing. A good example is the recent wage strikes (2011) in South Africa. Salaries of executives from the Top 40 JSE companies increased by 23%, while their short-term incentives increased by 56% over the past year. At the same time, the National Union of Metalworkers of South Africa (NUMSA) was struggling to get a 13% raise on their workers' meager salaries (Joubert, 2011) . The Congress of South African Trade Unions (COSATU) claims that huge pay hikes of top executives are unacceptable while workers fight for reasonable wages (SAPA, 2011).
In the media, much attention is given with regard to the relationship between CEO compensation and company performance. All agreed that CEO remuneration is excessively high and could be linked to the global financial crisis. For example, a report by the Australian Productivity Commission stated that large payments, despite poor company performance, have fuelled community concerns that executive remuneration is out of control (Banks, 2009 ). Former South African finance minister, Trevor Manuel, reported that government is concerned as ever about pay levels, especially where there is no relation to the performance of the company (Financial Mail, 2008) . Current finance minister, Pravin Gordhan, shares this view by saying that extreme earnings disparities cause offence not just when they are associated with profiteering or financial malfeasance, but also when the reward for honest work seems disproportionate or weakly aligned with incentives (Ensor, 2010) . Furthermore, German chancellor Angela Merkel is researching ways to curb excessive executive pay that aroused from long-term incentive schemes such as share options. Recent investigations revealed that CEOs made millions when they exercised their share options (Financial Mail, 2008) . The size of the gain mainly depends on the number of share options and the prevailing share price on the date the option is exercised. To a certain extent, a CEO can influence the share price through good governance, but there are also uncontrollable market factors that can influence the share price. This fuels the argument that CEOs reap the benefits of an increased share price while the increase was due to market factors and not so much to their own contribution.
Literature review
The previous studies will serve as a basis to develop LRA and DEA models to predict CEO compensation benchmarks. The rest of this paragraph is a summary of studies that used LRA as a model to estimate CEO compensation. Bradley (2011) studied the largest 40 JSE companies (in terms of market capitalization), broken up into mining-, financial services-and industrial sectors over a five-year period and found that there is no linear relationship between CEO compensation and company performance variables; however, the study found correlations between age and experience and CEO compensation. Dommisse's (2011) study included the top 120 companies on the JSE (according to market capitalization) at the end of 2009. A correlation between total CEO remuneration, including all cash and share rewards, was brought in relation with turnover, total income and earnings before interest and tax (EBIT). It was found that more than 80% of all correlation observations resulted in a positive correlation meaning that CEO remuneration only increased when there was an increase in turnover, income and EBIT. Therefore, CEO remuneration of the vast majority of JSE-listed companies demonstrates a strong correlation with the company's financial achievements. Theunissen (2010) analyzed 326 companies, which included JSE-listed companies and state-owned companies. The linear relationship between total CEO remuneration and several business factors such as turnover, turnover growth, total assets, total equity and profit was analyzed. The study found that no single business factor emerged as the main determinant of CEO remuneration. Nourayi and Daroca (2008) studied 455 US firms from 25 industries from 1996 to 2002. They found that firm size and market-based returns are the most significant explanatory variables affecting CEO compensation and more limited support was found for accounting-based returns and changes in the number of employees. Krugel and Kruger (2006) included all the JSE-listed companies in their study, except companies with foreign CEOs or foreign companies listed on the JSE. No direct relationship between company profits and CEO remuneration was found. A separate comparison for each of the remuneration elements, namely salaries, bonuses and total remuneration was made to company profits for the current and previous year, respectively. Barber et al. (2006) investigated the restaurant industry and found a weak, but positive, relationship between CEO compensation and gross revenue and net income and a significant positive relationship with stock prices. Chen et al. (2008) is another study that used LRA to benchmark the CEO compensation for the top 20 US banks on an annual basis from 1997 to 2004. One of the independent variables in their formula was the DEA score to determine the performance (efficiency) to convert six inputs (CEO compensation, non-interest expenses, total assets, total deposits, number of branches and number of employees) into two outputs (revenue and net income). The other independent variable is expenses as a proxy for the firm size. This http://www.cluteinstitute.com/ © 2012 The Clute Institute study found that the DEA score is a highly significant predictor of CEO compensation and that the efficient banks (DEA score of 1) rewarded CEOs with a higher compensation than inefficient banks. To summarize, these studies used a variety of company determinants to measure company performance, using accounting-based and marketbased measures, and various measures as proxies for company size. Some of the results in these previous studies indicate that there is no relationship between CEO remuneration and company size and/or performance measures, while others indicated strong and statistically significant positive relationships with some of the performance/size measures. Nevertheless, no specific pattern can be identified from these studies.
Only one study was found that used only DEA to investigate CEO compensation, i.e. Cordeiro et al. (2006) , which used total CEO compensation (an aggregation including cash salary, bonus and stock-derived compensation) as input variable and firm size (in terms of sales) and company performance (in terms of return on assets, net profit margin and stock return) as output variables.
Conceptual scope and context of the study
Against this backdrop of the critics on excessive CEO compensation, the conceptual scope of the study is that CEO compensation should be fair in relation to what the CEO is worth to a company. The Longman Dictionary (2004) uses the word reasonable and acceptable as synonyms for "fair". It further explains it as "a fair situation, system, way of treating people, or judgment seems to be reasonable, acceptable, and right...". Therefore, the compensation should be earned, which implies there should be a relationship between CEO compensation and the company size and company performance.
The current focus can be explained in the words of Mark Bussin, chairman of 21st Century Pay Solutions, who explains the complexity of this issue by asking 'a tricky question': "How do you judge if someone is overpaid?" (Financial Mail, 2008) . This question can also be extended by asking the opposite, namely to judge underpaying. Therefore, the open question of this study is whether LRA is the most appropriate model to set a benchmark for CEO compensation that is fair, in other words that over-or under compensations can be avoided. Furthermore, should DEA be used as an alternative model? And finally, what are the differences in CEO compensation benchmarks by using the two alternative models?
THEORY
LRA as a method to benchmark CEO compensation
The linear association method embraces regression and correlation analysis, which is widely used to define the structural relationship between variables and the strength of this identified association. Since LRA is widely used and many researchers are familiar with it, it will be discussed only briefly. Simple LRA is a parametric method, indicating on a two-dimensional statistical model only the linear relationship and correlation between two factors, a dependent (y) and an independent (x) variable. Multi-LRA assumes that more than one independent variable influences the outcome of y (Wegner, 2007) . The regression line is the estimated value, which is a straight-line that "best" describes, or is most representative of all the data points. For this reason, the straight-line displays the average of all data with data points both beneath of above it.
In this study, the linear association between CEO compensation (y) and company determinants, measuring performance (x 1 ) and size (x 2 ), will be investigated. Researchers using LRA models can apply a trial and error approach, using as many as possible size indicators (e.g. turnover, total assets, total expenses, number of employees, etc.) and performance indicators (e.g. return on equity, return on assets, price/earnings ratio, price-book value ratio, etc.) to try to detect which of these indicators should be used to estimate CEO compensation. When researchers find a significant relationship (or even no relationship) between CEO compensation and some of these indicators, a contribution is made to the literature because it is empirically proved that, for a sample group of companies, a change in such an indicator leads (does not lead) to a change in CEO compensation. With this knowledge, a company's board has coefficients to use in order to estimate their CEO's compensation.
DEA methodology
DEA is a non-parametric linear programming technique that measures the relative efficiency of a comparative ratio of outputs to inputs for a particular decision-making unit (DMU) (Ray, 2004) . DEA is a relative efficiency measure that accommodates multiple inputs, multiple outputs and other factors in a single model (Halkos & Salamouris, 2004) . Furthermore, it provides the ability to identify inefficient organizations and potential improvement areas for these organizations, as well as highlighting efficient organizations that could be used as benchmarks by less efficient organizations (Avkiran, 1999) . The fundamental assumption of DEA is that if a producer (DMU) is capable of producing Y(A) units of output with X(A) inputs, then other producers should also be able to do the same if they were operating efficiently. The fundamental objective of the DEA modeling exercise is to find the "best" virtual producer for each real producer and then to compare the producer to its best virtual producer in order to determine its efficiency. The best virtual producer is found by means of linear programming (Anderson, 1996) .
The focus of this study is on estimating technical efficiency, which is an indication of how well inputs are converted into outputs (Avkiran, 1999; Coelli et al., 2005) . In other words, how well did a CEO perform, with his/her compensation as input, in relation with company determinants, such as performance and size. Analysts typically choose between using constant return to scale (CRS) or variable return to scale (VRS) (Buys et al., 2011) . The CRS implies a proportionate rise in outputs when inputs are increased, or in other words, an organization's efficiency is not influenced by the scale of its operations (Avkiran, 1999) . This is a significant assumption, since CRS may only be valid over a limited range and its use should be justified (Anderson, 1996) . Furthermore, Avkiran (1999) states that VRS implies a disproportionate rise or fall in outputs when inputs are increased, or in other words, if an organization grows in size, its efficiency will not remain constant, but it will either rise or fall.
Analyzing the efficiency of a number of DMUs requires a formulation of a linear programming problem for each DMU. "lambda is a vector describing the percentage of other producers used to construct the virtual producer. lambda X and lambda Y are the input and output vectors for the analyzed producer. Therefore, X and Y describe the virtual inputs and outputs, respectively" (Anderson, 1996) . Theta (ϴ) indicates the producer's efficiency. The following is the DEA input-orientated primal formulation (Anderson, 1996) Table 1 where CEO compensation is the input variable and assets and profit the company determinants representing size and performance, respectively. In Figure 1 , the line CA lies beyond CB or BA, which means that CA is the efficiency frontier where any combination of A and C will create the highest output for the given input. Firm B is below the efficiency frontier and therefore it is inefficient. The efficiency of B can be determined by its virtual firm (V) formed by Firms A and C. The virtual firm, which is the benchmark for B, is 76. From an input-orientated view, the efficiency of B is the fraction of inputs that V would need (that is 0B = 94.4 percent of 0V) to produce the same output as B. Firm D is also on the efficiency frontier, but DC indicates a slack. That means D should move to point C.
Comparison between LRA and DEA
The advantages of DEA over LRA and the advantages of LRA over DEA are exhibited in Table 2 . This is taken from Thanassoulis (1993) who has done a complete study in this regard. However, the main focus of this study is that LRA offers the facility to test assumptions about mathematical relationships assumed between input and output variables, which describe a regression line that indicates an average over the data. In contrast, DEA measures performance against efficiency rather than average performance. 
METHOD
Sample and data
To fulfill the purpose of the study, i.e. to empirically compare the results of CEO compensation benchmarks set by LRA and DEA, an empirical investigation on South African listed companies is executed. In total, data for 359 companies, listed on the Main Board of the JSE, were obtained from the McGregor BFA (2012) database. Unfortunately, the data of 138 companies could not be used since the majority of this group does not provide CEO compensation data, while the remaining companies seem to not be operational anymore and are probably already delisted or in a process of delisting. The fact that this is a convenient sample, since only readily available data are used and unavailable data are excluded (Maree, 2011), may not be a problem, because this study does not want to make deductions to generalize to all the listed companies. In other words, the study does not aim to set a benchmark CEO compensation value to each JSE-listed company. Therefore, the aim is rather to do an exploratory study to get an idea of the differences in the benchmarking results when LRA and DEA are used as alternative models to set a benchmark regarding to CEO compensation.
Cross-sectional data of CEO compensation and company determinants were obtained for the 2010 financial year. Since companies use different year-end dates, all the monetary values were adjusted to 31 December 2010 by using the Production Price Index (PPI) (Statistics SA, 2012). Few companies report in foreign currencies (USD, AUD, CAD, GBP and EUR). These values were converted to ZAR by using the average exchange rate for 2010. The companies were grouped into three categories according to their sizes using total assets, i.e. large (75), medium (76) and small (70) companies. After visual inspection of the data, it was decided to exclude the 15 largest companies, because their asset values are extremely high compared to the remaining companies. The method used to http://www.cluteinstitute.com/ © 2012 The Clute Institute deal with outliers in all the variables is to omit data values that lie more than 1.5(Quartile 3 -Quartile 1 ) away from either the lower quartile or the upper quartile (Wegner, 2007) . This results in category sizes of n=55, n=64 and n=68 for the large, medium and small companies, respectively. This means that, in total, 187 companies were analyzed.
Variables and models
As this is an exploratory study, the company determinants are quite simple and the same determinants are used in both models. Profitability, which is the stepping-stone in creating shareholders' value, gets substance in ratios, for example the ratios included in the Du Pont formula have the strength to aggregate the firm's performance in three broad categories, namely income, investments and capital structure (Correia et al., 2011) . Return on equity (ROE) is a comprehensive company performance indicator including the three broad categories, since it aggregates how the net profit margin and asset turnover affect return on assets, and how return on assets and leverage affect return on equity (Asaftei, 2008) . Therefore, the first company performance determinant used in this study is return on equity.
The second company determinant is total assets, which is an indication of size. Studies such as Chen et al. In the DEA model, the input and output variables are:
Input: x 1 = CEO compensation (in terms of ZAR) Output: y 1 = return on equity y 2 = total assets (in terms of ZAR)
The software developed by Zhu (2004) was used to calculate the input-orientated technical efficiency estimates, using the less restricted variable return to scale (VRS), to determine how efficient each company's CEO is relatively to convert his/her compensation into the company determinants of return on equity and total assets. Furthermore, the input targets (benchmarks for CEO compensation) set by the DEA model are compared to the actual CEO compensation.
Hypothesis
Since it is clear that the benchmark CEO compensation according to the LRA model (ŷ) is based on averages, while it is based on best practices according to the DEA (input targets), the expectation is that the differences between ŷ and the input targets for the three groups of companies are significant. A one-sided uppertailed test will be performed to show that the benchmark mean (average) of ŷ is greater than the benchmark mean (average) of the input targets.
Therefore, the (main) null and alternative hypotheses of this study, testing for differences between the sample means are:
FINDINGS
To ensure that the data are suitable for Multi-LRA, descriptive statistics were evaluated together with a visual inspection of the data. Linearity, normality and heteroskedasticity seem to be in order and there is no multicollinearity since the correlation coefficients between x 1 and x 2 are low, i.e. 0.203, 0.042 and -0.197 for large, medium and small companies, respectively. Furthermore, a null and alternative hypothesis test (secondary to the main hypothesis of the study) was conducted on the regression coefficients. The multiple regression model is of no value in estimating y when the population regression coefficients (β 1 and β 2 ) are both zero, but there is value in the regression line when at least one regression coefficient is not zero (Wegner, 2007) . Therefore,
At least one β ≠ 0 Table 3 exhibits firstly a summary of the descriptive statistics of y, CEO compensation, for large, medium and small companies, respectively. Furthermore, from the regression and correlation analysis, it is clear from R 2 (R Square) that variations in x 1 and x 2 explain 10.0%, 14.7% and 35.2% in the variation in CEO compensation, y. According to Ellis and Steyn (2003) , R 2 is non-significant for large companies (R 2 < 0.13), while R 2 is significant with regard to medium companies (0.13 < R 2 > 0.25) and practically important for small companies (R 2 > 0.25). Furthermore, all the p-values of the independent variables are significant at 0.05 or 0.10 (two-tailed), which implies that H 0 is rejected in favor of H 1 , i.e. there is value in the regression lines, except for large companies, where the pvalue of 0.567 lies well above 0.1, implying there is no sample evidence to support the alternative hypothesis, H 1 . Therefore, when calculating ŷ for large companies, return on equity, x 1 , was omitted. The results of ŷ and the LRA efficiency values are indicated in Table 4 . http://www.cluteinstitute.com/ © 2012 The Clute Institute As a result of space restriction, Table 4 exhibits y as the actual CEO compensation and ŷ as the benchmark compensation only for the 55 large companies. Only the average, minimum and maximum values are exhibited for medium and small companies. Furthermore, the LRA efficiency, ŷ/y, is a standardized indication of the benchmark CEO compensation, relative to the actual CEO compensation, e.g. the positive LRA efficiency value of Company 1, 1.581, indicates that this company is relatively efficient, because this company's CEO compensation is less than the benchmark (expected average). The average LRA efficiencies are 1.368, 1.332 and 1.178 for large, medium and small companies, respectively. Table 4 also reveals the results of the DEA. The input targets are the benchmarks for CEO compensation when the company determinants of return on equity and total assets are valid. The DEA efficiency is the inputorientated technical efficiency. The efficiency estimate for Company 1 is 1.000, implying this company is fully efficient. The result is that the actual CEO compensation equals the input target. Company 2 is inefficient (0.426) with the result that the input target is far less than the actual CEO compensation. In total, five, six and nine companies are fully efficient (1.000), with an average efficiency estimate of 0.524, 0.447 and 0.501 for large, medium and small companies, respectively. http://www.cluteinstitute.com/ © 2012 The Clute Institute
The last three columns of Table 4 exhibits the percentage that each company's CEO is over-or (under)paid. For LRA, the calculation is (y -ŷ)/y, where Company 1, which is efficient according to LRA, indicates that its CEO is underpaid by 58.1%, relative to the other large companies, while the CEO of Company 2 is relatively overpaid by 23.0%. For DEA, the calculation is (y -input target)/y, where Company 1 that is fully technical efficient, indicates its CEO receives the correct compensation, while the CEO of Company 2 is overpaid by 57.4%. The last column is merely the difference between the over-(under)paid percentages by LRA and DEA to indicate the difference between the two models' benchmarks. The average over-or (under)paid percentages are given at the bottom of Table 4 . When using LRA, all three samples indicate that CEOs are on average actually underpaid, namely by 36.8%, 33.2% and 17.8% for the large, medium and small companies, respectively. When using DEA, all three samples indicate that CEOs are on average actually overpaid, namely by 47.6% 55.3% and 49.9% for large, medium and small companies, respectively.
The correlation coefficients between the LRA and DEA efficiencies are, r = 0.744, 0.587 and 0.689 for the efficiencies of large, medium and small companies, respectively. Furthermore, the correlation coefficients between the LRA and DEA benchmark are r = 0.879, 0.862 and 0.618 for large, medium and small companies, respectively. Although the two models show a strong association between these efficiencies and benchmarks, the (main) null hypothesis of the study is still to be tested, namely that there is no difference between the means of the LRA and DEA benchmarks. Therefore, to determine the difference between the two means for these dependent samples, the paired t-test was executed. The data are revealed in Table 5 , where the t-stat and p-value refer to the upper tail, implying a one-sided upper-tailed test. Table 5 exhibits that the t-stats of all three groups of companies fall well above the lower limit indicated by the t critical one-tail value. Therefore, H 0 is rejected in favor of H 1 (for all three samples), since the t-stats fall above the upper limits of 1.674, 1.669 and 1.668, respectively. Alternatively, the p-values (<0.001) imply that there is overwhelming evidence that H 0 should be rejected in favor of H 1 .
SUMMARY AND CONCLUSION
This paper is an empirical investigation of two alternative models to analyze CEO compensation with special reference to South Africa. The study follows a route of statistical modeling, i.e. that DEA is investigated as an alternative to the frequently used LRA to predict benchmark CEO compensation. The missing knowledge in the literature is that it is uncertain how the benchmark results of LRA differ from the results of DEA. The purpose of this study is to empirically compare the results of CEO compensation benchmarks set by LRA and DEA. To fulfill this purpose, an empirical investigation on South African listed companies was executed using a sample of 187 listed JSE companies. This resulted in category sizes of n=55, n=64 and n=68 for the large, medium and small companies, respectively. It was also hypothesized that the benchmark mean (average) of LRA (ŷ) is significantly greater than the benchmark mean (average) of DEA (input targets).
For the LRA model, total CEO compensation is the dependent variable (y) with return on equity (as an accounting-based measurement of performance) and total assets (as measurement of company size) as the independent variables (x). The "expected" or "average" CEO compensation is calculated, as a benchmark, for each company and compared to the actual value of the CEO compensation. Furthermore, an efficiency estimate is calculated by dividing the expected CEO compensation into the actual CEO compensation. In the DEA model, total CEO compensation is the input variable and return on equity and total assets the two output variables. The inputorientated technical efficiency estimate is calculated to determine how efficient each company's CEO is to convert his/her compensation into the company determinants of return on equity and total assets. Furthermore, the input targets (benchmarks for CEO compensation) set by the DEA model are compared to the actual CEO compensation.
The two models show a strong association between the efficiencies and the benchmarks, but the null hypothesis was overwhelmingly rejected in favor of the alternative hypothesis, that the difference between the means of the LRA and DEA benchmarks is significant. Although different variables in the models would provide different outcomes, this exploratory study indicates that the two alternative models provide extremely different views. This study found that, using the LRA model, CEOs are on average actually underpaid in monetary terms by 36.8%, 33.2% and 17.8% for the large, medium and small companies, respectively. In contrast, the results have shown that CEOs are on average actually overpaid in monetary terms by 47.6% 55.3% and 49.9% for large, medium and small companies, respectively. This implies that LRA, based on "averages", favors CEOs in comparison to the DEA model that is based on "best practices". Therefore, this study concludes that the frequently used model of LRA to analyze CEO compensation is probably a reason that contributes to excessive CEO compensation.
The practical implication is that LRA should not be used alone as a model to analyze CEO compensation, because using "averages" as a benchmark may contribute to the continuously increasing upwards spiral due to most company boards wanting their CEOs to be in the top half of the CEO's peer group. Using DEA simultaneously with LRA may provide more substance and a broader perspective to company board members into the setting of CEO compensation. This may limit excessive remuneration and decrease the gap between CEO remuneration and that of the average worker in order to alleviate the negative climate.
The value of the study is that this is the first effort to empirically compare CEO compensation benchmarks using two alternative models, namely LRA and DEA. Further research should be done, firstly where the role of different sectors is accommodated and secondly, to extend the DEA model to set benchmarks for individual input items such as salary, bonus, other short-term remuneration (e.g. pension fund contributions) and long-term remuneration (e.g. stock options), and thirdly, to include more variables that may explain changes in CEO compensation, e.g. experience and age of the CEO and market-based performance measures, and fourthly, to consider whether and how long-term schemes as part of CEO compensation should be included and finally, to take time lags into account.
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